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• Must get these issues right before proceeding 
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Magnetic flux compression has been shown with 
high explosives and with laser compression 

† Inferred, not measured 

HE 

HE     28 MG 

Magnetic   42 MG† 

Ablative   >36 MG U. Rochester 

Felber et al 

Conductivity 

For compression ratio R0/Rf = 30 (stability) 
B0= 150 kG, Bf = 100 MG  =>  Rm = 11 

Boyko et al 

S. Velikovich 



J. Lindl, NIF’s chief scientist, quoted in Science 334, 449 (2011). 
O. V. Gotchev et al., Phys. Rev. Lett. 103, 215004 (2009); J. P. Knauer et al., Phys. Plasmas 17, 056318 (2010).  

S. Velikovich 
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Radiation controlled plasma T 

Plasmas are notorious for letting the 
magnetic field leak 

To obtain 100 MG @ Rm=1 one 
needs to start from 3 MG – not 
possible. 

Self-consistent skin 
depth = twice the 
density gradient 

length 

S. Velikovich 



S. Velikovich 



S. Velikovich 

Ref. Institution Plasma 
material 

R0 
(mm) 

h 
(mm) 

Im 
(MA) 

B0 
(kG) 

Bm  
(MG) 

Bm/B0 

[1] UC Irvine H2, He, CH4, 
N2, CO2, Ar, 

Kr, Xe 

20 10 0.47 9-18 >1.6 >180 

[2] HCEI Al 20 10-15 0.13 1-2 >0.065 >55-65 

[3] Ne 7.5 15 1.4 18 2.5 140 

[4] Ar 13.5 24 1.0 18 0.6 33 

[5] Sandia Ne 12.5 20 7.5 100 42 420 

[6] Imperial 
College 

H2, He, D2, 
Ne, Ar, Kr 

15-18 12-15 0.5 3 0.38 126 

[7] TRINITI W 10 10 3 5 0.3 60 

[8] LLE D2 0.225 1.5 N/A 62 36 580 



2013 

No preheat 
Bzo = 0.5–10 T 

Radial Access 
Axial Access 

Invasive 
Non-invasive 

2014-2016 

Preheat 
Bzo = 30 T 

No Access 
(neutrons) 

Is there a 
Metric 

other than 
yield? 

Integrated 

2013-2015 

Preheat 
Bzo = 15–20 T 

Radial Access 

Non-invasive 

2013-2014 

No preheat 
Bzo =10–15 T 

Radial Access 
Axial Access 

Non-invasive 



 Sefkow et al 



Nano-fabricated B-dots 
Borg Nano Probes? Rovang, McBride 





Intrator 

Get initial high quality validation data for vacuum B compression  
with this concept 



Montgomery, Intrator 



R. Smith 





D2,  0 = 1mg/cc (na_0 = 3.1020cm-3) 

R =3.5mm, L =5mm, B0 = 20T,  T0 = 200eV     

CR =R0/R       n ~ CR
2 ,   B ~ CR

2 ,   T ~ CR
4/3 

Laser  probing: 

 = 0.355 m (3 0 Nd)  ncr = 9.1021cm-3 

Laser cut-off at CR ~ 5.5 

Refraction on density gradients:  n ~ n/R ~ CR
3 

Refraction could restrict 
probing possibilities even at 
early stages of compression  

Lebedev 



Laser  = 0.355 m (3 0 Nd)         F = 103  for CR = 2 

Number of interference fringes): 

Faraday rotation: 

Laser  = 0.355 m (3 0 Nd)         Far / 2  = 2 for CR =2;  11 for CR =3 

Faraday rotation in quartz fibre (  = 6.6 rad/T/m):

 ~ B ~ CR
2          / 2  = 0.4 for CR =2;  10 for CR =10 

Lebedev 



 Sefkow et al 

TANGLED 
ANISOTROPIC 
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• Assumption: homogeneous B-field 
• p+ deflection (mass m, kin. energy E, charge e, 
mag. field B):  

• Measure deflection x over distance l: 

r>l, insert eq. for r and solve for B: 

 or solve for E when B is given: 

Few examples: 

E=60 MeV, l=1 mm: B must be less than 1.1 kT 
(11 MGs) 

MagLIF: 2 cm gap, 20 MA current, B (in Tesla) = 
20*I (in MA)/R(in cm) ~ 200 T : E > 750 MeV Schollmeier 



S. Hansen 

Liner 

Gas cell 
G. Chandler 



The orbital motion of electrons in bound 
states drives an internal magnetic field, 
which leads to fine structure effects like 

spin-orbit splitting 

e.g. 
ns-n’p splitting: 

Additional magnetic fields break the 
degeneracy of magnetic sublevels: 

EZ ~ 0 gJ m B 

 Eso EZ is the same for 
any photon energy, 

optical to x-ray!  
(~ 3eV for ~10kT) 

10 kT is a weak field 
( Ez < ESO) for h ~1 keV 

~3eV 
~3eV 

 a simple 
doublet: 

 but a strong field  
for h ~0.1 keV! 

 Eso 

Spectrometers on hand: 
> 600 eV (x-ray)  &  ~1.5 - 3 eV (optical) 

(~ 3 – 100 kT)         (~1 – 300 T) 

S. Hansen 



Stambulchik, Tsigutken, and Maron, 
Phys. Rev. Lett. 98, 225001 (2007). 

*As long as total broadening Ez < ESO (line separation) 



Relative 
intensities of 
high-opacity  

3d – 2p  
lines can help 
assess opacity 

effects 

Differential splitting 
in less opaque  

3p – 2s  
lines could be used 

to estimate B 

(10kT: 20MA@0.8mm ) 

(50 kT: 20MA@0.16mm ) 

Flux compression 
Hot-spot 

S. Hansen 



Optical: 
Zeeman effect will be large  
Lines may be optically thick (even continuum  gets large for h  < 100 eV)  
For diagnosing flux compression in MagLiF side-on, they will not escape liner 
Stark broadening may be very large at the densities we care most about 
Photons from hot emission regions might overwhelm the transitions of interest 
Most useful for measurements in initial stages of compression   

X-rays: 
May be the only way to asses fields in hot plasmas 
Zeeman splitting may be near instrument resolution 
Differential splitting may help us overcome resolution requirements  
(E/DE ~ 5000 for direct measurements)  
Li-like 3p – 2s transitions are promising candidates: 

• Emitted from plasma regions with T ~ 0.3 – 3 keV from transition metals up to Kr 
• Nearby 3d – 2p transitions can help asses opacity effects 
• relatively large Eso (~10x larger than Eso of Ly  at similar energies)  

– so we could use Weizman differential splitting analysis 
X-rays may escape Be liner, so we are not restricted to end-on lines of sight 

S. Hansen 













2013 
No preheat 

Bzo = 1–10 T 
Radial Access 
Axial Access 

Invasive 
Non-invasive 

2014-2016 
Preheat 

Bzo = 30 T 
No Access 
(neutrons) 
Integrated 

2013-2015 
Preheat 

Bzo = 15–20 T 
Radial Access 
Non-invasive 

2013-2014 
No preheat 

Bzo =10–15 T 
Radial Access 
Axial Access 
Non-invasive 



2013 
No preheat 

Bzo = 1–10 T 
Radial Access 
Axial Access 

Invasive 
Non-invasive 

2014-2016 
Preheat 

Bzo = 30 T 
No Access 
(neutrons) 
Integrated 

2013-2015 
Preheat 

Bzo = 15–20 T 
Radial Access 
Non-invasive 

2013-2014 
No preheat 

Bzo =10–15 T 
Radial Access 
Axial Access 
Non-invasive 

Faraday fiber (Bz) 

B-dot (Br) 

Pulsed LIDAR 
Polarimetry (Bz) 

Needs support 
to develop for 

MagLIF conditions 

Intrator 

Bragg crystal 
X-ray source 

for Faraday rotation 
Br, maybe Bz 

6.1 keV penetrates radially 
through the liner 

Need investment in this  
transformational technology 





Sefkow 



Sefkow 



Plasma 
pressure has to 
be high enough 
to support and 
turn end loss 
plasma 





Anode 

Cathode 
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Dopant  
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Anode return can Cathode 
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Probe view 

E-field B-field 

Dopant  
plume 

Probe view 

M. Gomez 



This information is well-suited to address 
questions in several key areas for MagLIF 

• Trailing Mass 
•Density and temperature 
•Conductivity, Ohmic heating 
•How do instabilities effect Drive 

• Liner Conditions 
•Shape of K-edge can tell us state of the liner 
•Density from Stark Broadening 
•Surface ablation 

• Preheated Fuel Conditions and evolution 
•Inverse Brems. Absorption depends on Z and ne 
•Bleaching wave propagation in r and z 
•Ionization equilibration dynamics 

P. Knapp 







“We must all hang together, or assuredly we 
shall all hang separately.” 

At the signing of the Declaration of Independence 


